Pompe disease (PD) is a rare inborn error of metabolism due to an abnormal acid alpha-glucosidase (GAA) activity that comprises glycogen breakdown mainly in the lysosomes. Since the introduction of enzyme replacement therapy (ERT), with recombinant human GAA for the early onset PD patient, a relevant field of clinical research due to the benefits regarding survival rate has been widely documented worldwide. Objective: To describe the clinical characteristics and the ERT effects in a series of Brazilian patients with infantile onset PD (IOPD) under ERT. Methods: Brazilian patients diagnosed with IOPD under ERT were recruited through their physicians participating in the International Pompe Disease Registry from 2009 to 2017. Data were collected by an online survey. Results: 10 IOPD patients were identified through the survey with a death rate of 30% and technology dependency rate reported as 80% (motor, respiratory or nutritional fields) of the patients. After the third year of ERT, motor disabilities were lost in 50% of ambulated patients. The overall characteristics were similar to international studies. Conclusion: Despite ERT benefits in cardiac involvement, motor disabilities seem to be much more compromised in IOPD patients, with high technology dependence, especially after three years of age.
Introduction
Pompe disease (DP) or glycogenosis type II is a rare, progressive, autosomal recessive disorder of glycogen metabolism caused by a deficiency of the lysosomal enzyme acid alpha-glucosidase (GAA, 3.2.1.20) [1] [2] . The multi-systemic lysosomal storage of glycogen and the release of other hydrolases into the cytoplasm cause cell death and autophagic pathway disorders, especially in the smooth, striated and cardiac muscles, nerve tissue and liver [3] [4] [5] .
Infantile onset Pompe disease (IOPD) is the most severe and rare form of the disease, with an estimated incidence of 1:138,000 live births. With residual levels of enzymatic activity (<1%), the clinical manifestations of IOPD can be identified in the first months of life [6] . Major symptoms include hypotonia and muscular weakness, delayed motor development, massive hypertrophic cardiomegaly, macroglossia and variable degrees of hepatomegaly with elevated muscle enzymes; difficult deglutition, causing malnutrition, recurrent aspiration pneumonia and respiratory tract infections are common comorbidities found in IOPD patients [7] [8] [9] [10] .
Dramatic prognostic changes have been documented in IOPD since the approval of enzyme replacement therapy (ERT) treatment with recombinant human GAA enzyme (rhGAA) such as in 2007 [1] . An increase in life expectancy is now well documented, as a result, of a better efficacy of ERT towards the cardiac muscle; and gain of motor functions due to the effect of ERT in skeletal muscles [6] . However, new clinical comorbidities have emerged from cohorts of IOPD in the follow-up ERT studies characterizing for some authors as a new IOPD phenotype, including as recently documented white matter anomalies affecting neuropsychological development [11] [12] [13] .
Only two cases of IOPD treated with ERT have been published in Brazil [14] [15] . A retrospective series of IOPD cases was presented in 2009 [16] with the objective of describing genotypes in IOPD and late onset Pompe Brazilian patients, however, not addressing the effects of treatment or clinical details. Therefore, considering that this issue must be explored, the presentation of a series of Pompe with systematic follow-up of Brazilian patients with IOPD under
Methods
This is a descriptive study of IOPD patients under ERT in Brazil, whose physicians in charge were identified through the International Registry of PD, and completed the ethical formalities.
We included all patients with IOPD diagnosis with low GAA activity in fibroblasts (gold standard) or in filter paper, or with the presence of two GAA pathogenicmutations; and treated with ERT in the 2009-2017 period, using rhGAA standard dose (20 mg/kg every two weeks) [7] [9] . No exclusion criteria were applied.
The clinical characteristics, motor profile and technological dependence were obtained from patient's medical records of all subjects. The following data were extracted by the localphysicians in an online Google form questionnaire created for this proposal including age at onset of symptoms, age at diagnosis, age at start of ERT, age at death or current age, clinical problems, surgical interventions, or procedures related to disease or to ERT, CRIM-status, genotype studies, the best motor milestone ever achieved and for the current or last motor status (i.e. no sitting, sitting without support, free walking, running) and other treatment modalities. Cardiac data were not collected, due to difficulties in comparing the results of the examinations performed and interpreted by different cardiologists. Data were analyzed with Microsoft Excel® 2010.
Independent Ethics Committees, from the National Fernandes Figueira Institute (CEP/IFF/Fiocruz) and other enrolled centers, approved protocols and consent forms obtained from the children's parents.
A literature review was performed in PubMed, Bireme, EMBASE and COCHRANE, from 2006 onwards, focusing on clinical studies for IOPD to compare our results. The predefined search was designed for maximal retrieval using two strategies: indexing terms (or medical subject heading) and free-text searching. The terms used were: "Glycogen Storage Disease Type II/therapy"; "infantile Pompe disease", "Pompe disease", "classic infantile pompe disease"; "enzyme replacement therapy"; combined with each other by connectors AND, OR and limited by age (child). Duplicated original articles were excluded and for the papers referring to the same group of patients were considered the most recent publication. Manual searches on the references of the selected articles were done too.
Results
Nine treatment centers adhered to the survey, with a total of 10 patients with IOPD under ERT in the sample, with 70% (n = 7) males and 30% (n = 3) fe- In our series, the first clinical symptom was motor-related, with delayed motor development in 100% of patients. Hypertrophic cardiomyopathy (90%), hypotonia (80%), muscle weakness (80%) and macroglossia (80%) were other major complaints.
The mean age of diagnosis was 8.9 months (1 -36 months), with a median of 4.5 months. It was still slightly lower than the series of 21 cases of Brazilian children with IOPD (4.5 months vs. 5 months) [16] . Early signs of IOPD were observed before the age of five months in 70% of the series. Regarding ERT, only 10% of children (1:10) started treatment before three months of age, with a median age of 5.5 months. The mean interval between diagnosis and ERT onset was 1.3 months (0 -3 months). Both the median age at diagnosis and the ERT onset were equivalent to the majority studies conducted in developed countries.
Two patients with a diagnosis older than 12 months were kept in the sample because they had a clinical condition compatible with the typical form of IOPD, including hypertrophic cardiomyopathy (cases 3 and 4). Another case classified as atypical IOPD (case 2), without cardiomyopathy and heterozygote to one GAA mutation only, was also maintained due to early onset of symptoms and low GAA activity in fibroblast cultures (3.50 nmoles/hr/mg prot), the latter considered as "gold standard" for Pompe diagnosis. It should be noted that, in the latter case, the genomic study is still incomplete as to be classified as true heterozygote for the GAA gene and IOPD case.
All genotypes from our patients were previously described in the literature; with the exception of two patients were no previous records of one of the mutations (cases 6 and 10). Sixty percent of cases (6:10) were compound heterozygotes. The c.2560C > T nonsense mutation, associated with high disease severity, was found more frequently, in 50% of the sample (5:10).
CRIM+ status was identified in 80% of patients. One of the CRIM-cases (case 5) performed immunomodulation with rituximab (monoclonal antibody) and methotrexate (immunosuppressive) to prevent anti-rhGAA antibodies produc-
The mean treatment time until the end of the data collection was 2.75 years, with a median of 2.25 years (0 to 8 years). The mortality rate found in the study period was 30% (3:10), with a mean age of death of 1.44 years (0.75 -2.5 years).
Pneumonia was the most prevalent cause of death. The mean duration of ERT treatment before death was 11 months (1 -24 months), with a median of 8 months. The mean age of the patients with IOPD still under ERT at the end of the data collection (n = 7) was 4.71 years (2.03 -8.31 years).
The ventilatory support-free survival is an important outcome in IOPD under ERT study. At diagnosis, 70% of the children (n = 7) already had signs of respiratory insufficiency although they still maintained oral feeding. Deterioration of respiratory function during treatment was observed in 60% of the cases, requiring tracheostomy (6:10) and dependence on continuous ventilatory assistance (6:10) ( Table 2 ). Open Journal of Clinical Diagnostics Another critical clinical outcome for IOPD under ERT is related to motor function. Little or no motor improvement was observed in half of the sample, with an important restriction of mobility activity. Free or supported gait was observed in 40% (4:10) of the children, and 50% of these children (2:4) lost their capacity throughout the development of the disease; and, at the end of the study a total of 50% of patients were on wheelchair or bedridden (5:10). The mean age of gait loss was 4.25 years (3.0 -5.5 years). Table 2 shows the profile of health conditions, technological dependence and motor function of our series; and Figure 1 , the free survival of ventilatory assistance concerning the best motor function achieved during the treatment.
The atypical genotypic profile of patient 2 compared to others in the sample may justify the best clinical evolution, although there were concomitant malformations (acetabular dysplasia and hidden bifid spine).
The GAA antibodies investigation was not systematically performed in all patients on ERT, which did not allowed any correlation of this factor with the mo- The technological dependence found in the sample was high. Eighty percent of the children needed some support for feeding, breathing or mobility; 60% underwent tracheostomy and 70% gastrostomy.
Discussion
No publications were found regarding the aspects of morbidity and technologi- The sample size is a difficulty in any study of rare diseases, associated to a high morbimortality such as IOPD. Furthermore, the lack of knowledge of this disease by health professionals also favors underdiagnoses. The complexity of multi-professional care necessary in IOPD requires a coordinating center for the clinical management of these patients [7] [9] [31] . In Brazil, considering its territorial extension and the lack of a coordinating center as a limiting factor hampers research in this population. This report sought to overcome these barriers and to report information on functional repercussions in IOPD. The studied sample showed severe affected IOPD patients, with clinical and demographic characteristics equivalent to those evidenced by international studies ( Table 3 ).
The high prevalence of muscle hypotonia, a clinical hallmark in IOPD as an early clinical sign, is also common among similar studies [25] . However, no specific instrument quantifies the degree of muscular hypotonia that could serve as a noninvasive measure to assess initial muscle damage especially in infants. Overall, most published studies, including Brazilian patients, indicates satisfactory motor development after the ERT onset in 40% of children with IOPD, up to the first three years of life [15] [25] [26] [27] [31] .
Several mutations in the GAA gene have already been described for PD patients; including the Brazilian population. The most commonly found mutation in our study was the non-sense c.2560C > T that had already been reported previously as common among Brazilians IOPD patients (50% vs. 33.33%) [16] . However, the precise genotype-phenotype correlation based on mutation types remains very complex [33] [38] . Other genetic or environmental factors may contribute to phenotypic variability as described by several authors [39] [40] [41] .
Regarding the CRIM status, CRIM-patients commonly develop high titers of antibodies against exogenous rhGAA, which eventually reduce the ERT effectiveness and make them more prone to motor function loss and rapid clinical decline, with a higher mortality rate [6] [23] [25] . Among the CRIM-cases, only the one who underwent immunomodulation therapy remained alive at the end of the study, despite the high technological dependency for life support required by the patient due to the pre-ERT complications.
The death rate was equivalent to that found in other international studies [ [42] . The median duration of treatment before death was shown to be slightly higher than other studies (8 months vs. 5.52 months and 6.7 months) [27] [28] . The Kaplan Meier survival rate at the age of 3 years was between 64.2% to 72%; and at 6 years of age from 49% to 58.8% [29] [31] .
Many patients became dependent on ventilatory support with the disease progression. However, severe respiratory complications were rare. The need for ventilatory assistance for more than two weeks has been pointed out as poor prognostic factor for respiratory function [28] . With ERT, registers of the survival free for ventilatory support in the IOPD patients has unfortunately decreased with the progression of the disease, from 88.9% after 1 year, to 66.7% at 2 years and 49.4% at 3 years, according to the extension study within the series of patients of the original clinical trial with rhGAA [6] .
The degree of respiratory impairment does not always appears to be related to the level of musculoskeletal weakness [43] ; although, this is a poor prognosis predictor [44] . Unlike other neuromuscular disorders in which loss of walking ability precedes ventilatory failure, respiratory symptoms may manifest early in PD [1] [45] [46] . Studies in late onset PD showed heterogeneity in respiratory and locomotor systems involvement with no correlation between the locomotion capacity by the 6-minute walk test (6MWT) and the severity of respiratory im-Open Journal of Clinical Diagnostics pairment [43] [47] .
Respiratory impairment can occur due to respiratory muscle hypotrophy associated to the involvement of the spinal moto neurons, in particular the phrenic moto neuron. As a consequence, contributes to a more pronounced diaphragmatic failure [34] [46] [48] [49] , aggravating the thoracic cage dynamic kyphoscoliosis associated frequently to the Pompe phenotype which progressively decreases lung capacity [50] . The pathophysiology of respiratory insufficiency in neuromuscular diseases also includes alterations in central respiratory control, alveolar hypoventilation, paradoxical movement of the abdominal muscles, sleep apnea, atelectasis, hyper responsiveness of airways and recurrent pneumonia, and most importantly an abnormal and ineffectiveness of cough [51] .
There was no discontinuation of ERT treatment in our patients during this study; so the effects of ERT cessation on respiratory function decline and mobility capacity was not considered as a major factor for a worsen health [52] .
Regarding the motor function, mobility loss in IOPD is also described in other longitudinal studies of children with a good initial response to ERT [25] [26] [29] [53] . Thus, the identification of stability or improvement of motor condition should be considered as an extremely positive result, due to the markedly aggressive, progressive and unfavorable IOPD evolution, primarily due to the difficulties in providing adequate ERT to the skeletal musculature and/or initiating an early treatment [54] .
The prevalence of other IOPD-associated complications, such as joint and spine deformities; osteopenia, palpebral ptosis, hearing loss due to cochlear (sensorineural) or conductive apparatus (conduction) was less frequent in our series compared to other reports [11] [22] [55] . This could be due to a shorter time of the disease evolution among our series; or a small number of cases in our study; or even, due to the difficulties of assessment of these parameters. Osteopenia is reported to be highly prevalent in IOPD (>80%), including a significant correlation between proximal muscle strength, both in walking patients and wheelchair users [55] [56] . It can be observed as early as four months of age and is attributed to chronic immobilization and muscular weakness, even among patients with proper nutrition [32] [56] . Long-bone fractures in IOPD are also described in the literature [57] . Furthermore, the limitation of evaluating normal bone density by DEXA in this age group can be as well troublesome.
Joint deformities are observed in many genetic disorders, especially with impaired tone and muscle strength [29] [58] [59] . Ankle deformity in equine is common complication related to anterior leg muscular weakness frequently identified in IOPD [12] . Orthosis was used to maintain motion range and joint alignment in only 10% of our cases (33.3% of identified joint deformities cases).
The low prevalence of scoliosis in IOPD may be due to a lack of awareness with the postural evaluation in this age group [50] . The prevalence here is similar to a study of children with late-onset PD [60] , and higher than another (50% vs. 33%) [50] . Adequate postural alignment is vital for the maintenance of respiratory function, and patients must have been followed up for this alteration since Open Journal of Clinical Diagnostics the ERT onset, which reinforces the value of the multidisciplinary team in the care of these patients.
Concerning hearing impairment, the literature reports a prevalence of more than 90% among children with classic IOPD, with persistent hearing loss during ERT treatment, not correlated with the age of the patient [22] [61], which compared to our study, reflects probably underdiagnoses of this comorbidity.
The high technological dependence was observed as in other chronic conditions. The use of feeding support (nasogastric probe or gastrostomy feeding) was higher than that reported in another study of IOPD (80% vs 40%) [27] , perhaps related to the differences between the death rate and the information about this technology use among described cases in referred study. It may also reflect the practices of early and preventive gastrostomy performed by Brazilian centers, in the face of severe deglutition disorder signs associated with the bulbar system involvement.
These results indicates the need for disease disclosure among Brazilian health professionals to improve the early diagnosis and treatment approach to achieve more favorable outcomes similar as appointed by other studies [62] [63] .
Some important shortcomings were its retrospective nature and data ascertainment by independently institutions. However, the data compiled in this investigation about the current limitations of ERT in IOPD are essential to provide accurate advice to families.
Conclusions
Since the ERT implementation, systematic follow-up of treated PD cases has become essential and has been the focus of recent studies. Significant advances in the understanding of IOPD have been occurring continuously through care interdisciplinary collaboration for this condition [61] [64] .
This study in the Brazilian population is very relevant for IOPD children health care and care line planning in the Unified Health System. The cases presented showed similarities with international studies and highlighted some of the difficulties in managing IOPD.
Longitudinal follow-up contributes to a better understanding the ERT effects on IOPD. The results allowed us to infer that, despite the progressive nature of IOPD, regardless of ERT, its clinical evolution is not homogeneous, as it is seen in other congenital neuromuscular disease. Motor functions appear to be very much impaired in IOPD, with a high dependence on technology, especially after three years of age. The chronicity profile of the disease and high therapeutic complexity identified, in addition to the necessary interventions/propaedeutic, requires the continuous monitoring of patients' evolution, especially regarding acquired motor patterns and other aspects of functionality that should be addressed in future research. Open Journal of Clinical Diagnostics 
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